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ABSTRACT
We present a programme of spectroscopic observations of galaxies in a sample of
optically-selected clusters taken from the catalogue of Couch et al (1991). Previous
ROSAT observations of these clusters have shown them to have lower X-ray lumi-
nosities, given their optical richness, than might be expected on the basis of local
samples. In the present paper we extend this work by determining velocity dispersions
of a subsample of the clusters. We conrm the dynamical reality of all but one of the
original sample, and nd velocity dispersions comparable with present-day clusters of
equivalent comoving space density. Thus, in the context of the LX −  relation for
present-day clusters, there is evidence for a higher velocity dispersion at xed X-ray
luminosity.
A key question is whether the high velocity dispersions are indicative of the grav-
itational potential. If they are, the X-ray luminosities measured in Bower et al., 1994
(Paper I), would then imply an implausibly low eciency of X-ray generation. Al-
ternatively, the discrepancy could be explained if the clusters were systems of lower
virial temperature, in which the apparent velocity dispersion is inflated by an infalling,
unrelaxed halo. By co-adding our sample, we are able to consider multi-component
ts to the velocity distribution and to demonstrate evidence for a large infalling pop-
ulation. This might result either from an increase with redshift in the infall rate for
clusters, or from the preferential selection of clusters embedded in laments oriented
along the line of sight. Since clusters with similar properties can be found in local
optically selected catalogues, we suggest that the latter explanation is more likely.
1 INTRODUCTION
This work is based on the catalogue of optically-selected dis-
tant clusters compiled by Couch et al., 1991 (CEMM). Clus-
ters were selected purely on the basis of the over-density of
faint galaxies on contrast enhanced AAT 4-m photographic
plates. The selection was not implemented by computer al-
gorithm, but objectivity was tested exhaustively using simu-
lations. The total area of sky searched was 46 deg2. Clusters
with a density enhancement more than 4 above the local
background were then selected for spectroscopic observation
in order to determine their redshifts. The redshift of a cluster
was only accepted when two or more galaxies with consistent
galaxies were found.
Bower et al. (1994, here after Paper I) rst used this
catalogue to study the X-ray evolution of clusters. A subset
of 14 clusters were targeted in pointed ROSAT observations.
The clusters were found to have surprisingly low X-ray lu-
minosities, indeed several were not detected at all despite
exposure times in excess of 14 ksec. It was shown that this
result could be explained by mild negative evolution of the
X-ray luminosity function of the type suggested by Henry
et al. (1992) on the basis of the initial EMSS survey. Similar
results have been found in other surveys based on optical se-
lection criterion (eg., Nichol et al., 1994, Holden et al., 1997),
although the most recent X-ray selected surveys conflict over
the extent of the evolution they nd (eg., Castander et al.,
1995, Rosati et al., 1995, Nichol et al., 1997, Collins et al.,
1997).
In this paper, we present a dynamical study of the
CEMM cluster sample. Initially, the data will be used to
conrm the physical existence of the clusters that we have
targeted. The cluster members will then be used to investi-
gate the velocity structure of the clusters. In particular, we
will compare the velocity dispersion with the cluster X-ray
luminosities presented in Paper I, using the present-day X-
ray luminosity { velocity dispersion (LX{) correlation as
a guide. There are three physical regimes we can consider.
Firstly, if the evolution of the clusters is driven primarily
by the evolution of their gravitational structure, we should
expect their velocity dispersions to be smaller than those
of present-day clusters of equivalent luminosity (eg., Kaiser,
1991). Secondly, evolutionary models in which the entropy
of the cluster gas is a dominant factor predict that the evo-
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lution of cluster luminosities and velocity dispersions will be
parallel each other so that little evolution of the LX{ is ex-
pected (Henry & Evrard, 1991). The third possibility is that
the velocity dispersions are higher than can be explained by
the models discussed above. Such a situation could result if
the dynamical state of the clusters was dominated by infall
and/or merging. In this case, the velocity dispersion would
no longer be representative of the virial temperature of the
cluster (eg., Frenk et al., 1990).
As we will show in the following sections, it is dicult
to obtain redshifts for large samples of galaxies in these clus-
ters, and we must consider how many redshifts are necessary
to determine an adequate estimate of the velocity disper-
sion. In an isolated cluster, a sample of 10 cluster members,
are relatively accurate measurement can, theoretically, be
obtained. For example, a measured dispersion of 600 km s−1
might arise from a system with true velocity dispersion of be-
tween 498 km s−1 and 812 km s−1 at the 1 (68%) condence
level. This accuracy is adequate to distinguish between mas-
sive and poor clusters (eg., Zabludo et al., 1993). To obtain
better denition, we would have to substantially increase
the number of measured redshifts. In practice, however, al-
though adding further members increases the measurement
precision only slowly, it greatly reduces the sensitivity of
the estimated velocity dispersion to inclusion or exclusion of
outlying galaxies. Unfortunately it is extremely inecient to
increase the size of datasets for the clusters individually, so
we address this problem by combining the individual clus-
ters to create a single synthetic system: sucient data are
then available to robustly estimate the average dispersion.
Furthermore, two component tting can be used to investi-
gate whether the clusters can be separated into a virialised
core and higher dispersion infalling halo.
The outline of the paper is as follows. Section 2 sets
out the data on which this paper is based. Specically,
Section 2.1 summarises the X-ray data from Paper I and
presents data for the additional cluster F1557.19TC (z =
0:51), while Section 2.2 describes the spectroscopic data that
are central to this study. The analysis of the cluster redshift
distributions is detailed in Section 3, including our analysis
of the combined dataset. In Section 4, we discuss the im-
plications of the high dispersions that we nd, including a
comparison with evolutionary models. Our conclusions are
presented in Section 5.
2 DATA REDUCTION
2.1 X-ray Data
The clusters studied in this paper were selected from the
CEMM clusters for which we had obtained pointed ROSAT
PSPC observations, the seven clusters being chosen in such
a way as to optimise the eciency of the spectroscopic ob-
serving programme.
The X-ray data for these systems have for the most
part been presented in Paper I. The exception is the cluster
F1557.19TC, for which the data were not presented because
its redshift of 0.51 exceeds the completeness limit that we set
in the earlier paper. The X-ray data for F1557.19TC were
reduced in identical manner to that used in Paper I. To sum-
marise, we measure the total (ie., cluster plus background)
flux falling within a 30 30 detect cell centred on the optical
Table 1. X-Ray Properties of the Cluster Sample
Cluster Redshift NH
1 Exposure2 Cts3 Backgr4 Luminosity5
F1557.19TC 0.51 4.0 21.03 36: 94. 0.477
F1652.20CR 0.41 3.2 15.10 34: 66. 0.395
F1637.23TL 0.48 1.1 23.98 48: y 39. 0.487
J2175.15TR 0.41 1.4 11.50 45: 26. 0.647
J2175.23C 0.40 1.4 19.77 20: 53. 0.156
F1835.22CR 0.469 3.9 21.30 19: y 42. 0.225
F1835.2CL 0.377 3.9 17.20 −8: y 37. < 0:142
Notes:
1 Hydrogen column density towards cluster in units of 1020
atoms cm−2.
2 Exposure time in ksec, corrected for telescope vignetting.
3 Photon count in detection cell after background subtraction.
Where marked y, the photon count is measured in channels
52{201, otherwise in channels 41{240. For pointed data, a
detect cell size of 3030 has been used; All Sky Survey data
uses a larger detect cell (4040) to allow for the wider point-
spread function.
4 Background count rate determined from spline t (pointed
observations) or mean of surrounding area (All Sky Survey
observations).
5 Cluster luminosity in the 0.7{3.5 KeV (in the cluster rest-
frame) in units of 1044 erg s−1. A factor of 0.7 is included
in order to allow for the flux that is lost from the detected
cell. Where the cluster is not detected with greater than
99% condance, the flux corresponding to the 99% detection
threshold is given.
position of the cluster. The flux was then compared with
the background flux measured from a background spline t.
Where the excess flux in the cluster detect cell did not ex-
ceed the 99% condence detection threshold (determined
by the shot noise in the background within the detect cell),
the detection threshold is quoted as an upper limit. The
X-ray flux derived in this way has been converted to rest-
frame luminosity assuming a cluster temperature of 5 keV
(throughout the paper, we adopt the cosmological param-
eters H0 = 50 km s
−1 Mpc−1 and q0 = 0:5). The cluster
luminosities are presented in Table 1.
Due to an error in Paper I, the X-ray luminosities given
there were incorrectly quoted as referring to the cluster rest-
frame 0.5{2:5 keV energy band. In actuality, the table gave
luminosities in the observed-frame energy band. For con-
sistency, the data in Table 1 have been referenced to the
0.7{3:5 keV energy band in the cluster rest-frame. For a clus-
ter with redshift 0.40, the two energy bands are equivalent.
Small dierences from the values presented in Table 1 of Pa-
per I occur when the actual redshift of the cluster is taken
into account. Correcting the error in Paper I shifts the best
tting luminosity function by −0:15 in log(luminosity), fur-
ther increasing the signicance of the result presented there.
2.2 Spectroscopic Data
Spectroscopic observations were undertaken to consider-
ably supplement the redshift data obtained for the clus-
ters by CEMM. The observations were made with the
3.6m telescope at the European Southern Observatory, La
Silla, using the high throughput EFOSC grism spectrograph
